Casa Montero flint mine (5337-5218 cal. BCE) was a production centre of blades that were probably distributed in a broad regional framework. Recent research on its lithic record has provided a method for the calculus of productivity for the blade cores based on the striking platform potential area. Taking into account several factors involved when discarding a blade for use it, the resulting ratio of useful blades per core was smaller than expected in contrast with the high number of cores abandoned in the site.
Introduction
Casa Montero (Madrid, Spain), dating to 5337-5218 cal. BCE (Díaz-del-Río & Consuegra 2011: 226) , is one of the most ancient flint mines in Europe together with Defensola (Italy) (Tarantini et al. 2011) and Treviño (Spain) (Tarriño et al. 2014) . The mine was a production centre of blades that were probably distributed in a broad regional framework.
Productivity is a critical question regarding to prehistoric mining research in order to understand the economic and social implications of this phenomenon. Recent research on the lithic assemblage of Casa Montero has provided a calculation of the amount of blades that were produced at the mine and were selected for the transport and deferred use (Castañeda 2014: 323-338; Castañeda et al. 2015b: 484-485) . The calculation was viable due to the technical homogeneity of the lithic assemblage.
This estimation was based on the data from the analysis of 75 blade cores and 986 blades. The calculation results showed a ratio of 3 to 20 blades per core and a total amount of ~251,000 adequate blades that were produced and potentially used for the whole mine, in a time span of just a hundred years (Castañeda 2014: 336-337; Castañeda et al. 2015b: 484-485) .
Even though the total amount of blades is quite important in a context of very low population density, as was the inner Iberian Peninsula at the Early Neolithic (Díaz-del-Río & Consuegra 2011: 228) , and comparing with the scarce lithic record of the contemporary sites: 3 blades at La Deseada (Rivas-Vaciamadrid, Madrid) (Díaz-del-Río & Consuegra 1999: 254) and 64 blades at Phase I Cueva de la Vaquera (Torreiglesias, Segovia) (Estremera 2003: 139) . Nevertheless, there seem to be only a few good blades produced per shaft, taking into account the effort on digging shafts up to ten meters deep (Capote et al. 2008: 129) . Perhaps, this perception is based on the widespread assumption of blade production as the most efficient reduction method (e.g., Sheets & Muto 1972; Renfrew & Bahn 2000) , and there is more literature on blade production experiments concerning pressure, indirect percussion and soft hammer percussion than stone hammer ones (e.g., Gallet 1998; Pelegrin 2000 : Driscoll & García-Rojas 2014 . In addition, these kind of experiments on core efficiency are usually based on good quality homogeneous raw material and with a small sample of blades.
Previous experiments and theoretical approaches suggest that blade production has some constraints that other reduction methods do not. Initial shaping of the blade core is usually more complex and wasteful, blade production demands high quality raw materials and high knapping skill levels and it is exposed to a high risk of knapping accidents and fractures (e.g., Hayden et al. 1996; Bar-Yosef & Kuhn 1999; Eren et al. 2008) .
In order to contrast this perception of the results, an experiment test has been carried out.
The production of blades at Casa Montero
Blade blanks were the main production of the Casa Montero flint mine. Evidence supports the hypothesis that they were probably used as sickles (Castañeda et al. 2015b: 484) (Figure 1 ). Most parts of the reduction sequence took place at the mine: from nodule selection to blank production. Final blade products were selected for delayed use at different places, in order to improve transport efficiency (Castañeda & Criado 2006: 231) . While carrying shaped cores is taken into account, evidence supporting that this was a systematic behaviour is absent.
Due to the continental genesis of the silicification episodes and the ageing process, Casa Montero nodules usually show heterogeneity and several varieties of flint within the same nodule, with different degrees of ageing, from a opaline outer part (Opal CT), opaline chert (80% quartz), and the inner part of recrystallized chert (95% quartz) (Bustillo et al. 2009: 180) . Each variety presents different properties for knapping and use. The operational sequence analysis shows that opaline flint and opal varieties were systematically discarded from the main production Criado et al. 2010) . This resulted in a considerable waste of raw material.
The blade reduction scheme carried out at Casa Montero was quite simple and homogeneous. The preferred support was a big flake blank, the crest preparation only occurred when needed, and the production was carried out, in a unipolar direction, from a unique striking platform and a unique blade front. The reduction sequence was organized in order to optimize the raw material and to predetermine the length of the final blade blanks (Castañeda et al. 2015b: 482-483) . The election of the initial orientation of the blank was a critical strategy in Casa Montero blade production. It avoided the opaline parts of the core in the front and provided a predetermined length of 5 cm. The blade production assemblage is composed of blades (more than 75% of blades and cores), bladelets (between 10 to 20%) and microblades (less than 7%). 4565 (2,7% of the studied assemblage) blades have been analysed. Taking into account that a selection of blades was carried out prior to transport them out of the mine, it is important to assume that Casa Montero blade assemblage is mostly composed of discarded by-products (Castañeda et al. 2015b: 483) .
In general terms, in the process of blade exploitation of a core, resulting removals are different in quality, shape, size and goals. In consequence, blades were classified into three groups depending on the moment and purpose of its removal: initial blades (1), reconfiguration and cleaning blades (veins, accidents, etc.) (2) and production blades (3) (Figure 2 ). The latter group includes those blades that were intentionally produced but do not meet the criteria to be selected for transport and use. The two former groups represent 54.9% of the studied sample, while only the latter one is 45.1%.
Production blades are the group closest in shape and size to those that were selected and used and, therefore, not preserved at the site. Typometric, technological and knapping stigmas analysis are based on this group of blades. The analysis of the dimensions is based on the sample of complete production blades (n= 943; 780 blades and 163 bladelets). The mean size of the blades produced at Casa Montero is 50.48x19.41x5.9 mm ( Table 1) . The size together with the absence of bimodal distribution avoid to distinguish among blades, bladelets and microblades. It suggests that the general tendency of Casa Montero production was to obtain a small product including long bladelets and short and thick blades. These dimensions are very similar to those of Cueva de la Vaquera, Phase I (Segovia, Spain) that were probably coetaneous (Estremera 2003: 140-144) , distant approximately 90 km to the north from Casa Montero.
From the point of view of technology, homogeneity is the main feature. Striking platforms of blades are unifaceted (71.11%), prominent and diffuse bulb in almost same proportion (55.74% diffuse) and mainly trapezoidal cross-section (66.41%). According to some authors (e.g., Roussel et al. 2011:74; Driscoll & García-Rojas 2014: 139 ) the distinction among the knapping techniques is difficult, especially when any isolated criteria is determining by itself (Castañeda 2014: 269-270) . Even so, the studied sample from Casa Montero is wide enough to say that knapping attributes related to pressure are absent, those related to indirect percussion are weakly represented and the most probable hypotheses is the use of direct percussion (Castañeda 2014: 269-270) . Following some authors criteria (e. j. Gallet 1998; Pelegrin 2000; Roussel et al. 2011 ) "soft stone" hammer meet 9 of 15 analysed attributes: mean length, width and thickness, platform preparation and dimensions, type of bulb, weak presence of lip (1.27%), type of bulbar scar (41.99% with origin in the impact point) and concentric fissures in the impact point (77.37%) (Castañeda 2014: 275) . The eventual use of other techniques is taking into account and is being developed in further experimental program with local raw material.
Methods

Previous core efficiency estimation on Casa Montero blade production
Carrying out a calculation of lithic productivity in a prehistoric context seems to be a difficult task a priori. On the one hand, there are multiple unpredictable, random or unknown variables that complicate it, as the initial shape and volume of a core, for example. On the other hand, the final estimation concerns, in this particular case, the missing part of the record: those blades that were selected for deferred use. These are called in this work "useful blades".
Prior to any consideration it is important to define the criteria used to discriminate a useful blade. Those criteria concern specially adjusting to predetermined dimensions (Table  1) , and homogeneity in thickness in longitudinal section. The two sickle blades found at the site (Figure 1 ) or those from the Phase I of Cueva de la Vaquera (Gibaja et al. 2013) are the perfect models of useful blades. Those blades that did not meet these criteria were abandoned at the site and constitute the blade assemblage of the mine.
In order to calculate an estimation of useful blades produced per core at Casa Montero mining site, several variables have been taking into account: the initial shape and size of the striking platform of the cores after cresting and shaping prior to the production phase; the number of exhausted cores, the possibility of carrying out cleaning and repairing tasks and the number of produced and discarded blades. The estimation was made in two phases: the calculus of the produced blades per core and the calculus of the amount of cores per shaft.
To calculate how many blades were produced per core, the first parameter to be known must be which was the potential volume to be reduced. Previous works on blade core efficiency, took into account the initial volume of the nodule and all the waste originated in the phases of decortication and configuration (e.g., Eren et al. 2008: 953) . In the present case study, the decision of excluding this part of the record from the calculation is justified due to several reasons. Firstly, the lithic remains of Casa Montero came from different reduction methods (Consuegra et al. 2004: 135-236; Castañeda et al. 2015a: 482) and only a small number of them can be reliably distinguished. Secondly, the high variability in reduction methods and blanks involves great differences in intensity of previous work between cores of the same initial volume. Finally, as a consequence of raw material genesis and ageing, the amount of opaline varieties within a core that were systematically discarded, cannot be taken into account, except when comparing the initial weight of raw material that were probably mined in each shaft with the weight of the final products selected to be used.
As a result, the starting point of the reduction of blades was the configured core. As the reduction advances, the number of removals and intensity in core configuration increases and the size of the core and the striking platform decreases (Marwick 2008 (Marwick : 1190 .
The recurrence of the unipolar extraction of blades in volume causes the stability of the parts of the core after the configuration and before the beginning of producing blades. In general terms, the striking platform is always in the same place until the end of the reduction, except on reconfigured cores. Therefore, the striking platform potential area (SpPA) is the result of the sum of the exhausted core platform and all the blade platform areas. Consequently, if we know the area of the striking platform prior to the production of blades, we will be able to estimate how many blades were produced from a core.
In order to calculate the SpPA of Casa Montero cores, a method was designed in several steps: the selection of a suitable sample of cores; the calculus of the striking platform area (SpA) of recrystallized flint of each core and subtraction of SpA from the exhausted cores, that means the minimum surface of the platform necessary to manipulate the core (298.96 mm 2 in the studied sample).
From the studied assemblage of 552 cores, the sample selected included 75 cores that met the following criteria: blade prismatic production, correct or expert execution, presence of recrystallized flint and abandonment phase prior to the production of blades. Taking into account that cores were abandoned at the mine in different moments of the reduction process due to several reasons, those which the work was stopped just prepared to start the production of blades, provide the initial platform size of the assemblage. The resulting SpPA was Some of these blades were produced but also abandoned at the site due to veins, knapping accidents or inappropriate size. The discarded blades per core calculation was based on the proportion of each type of blade at the site. Initial blades are usually 1 per core; technical solutions, repairing accidents and veins were 3.25 per core and discarded production blades were 3.46 per core. As a result, in each blade core from Casa Montero 7.7 by-products were generated. Consequently, only between two to 20 blades of each core were selected as useful blades.
To calculate the amount of useful blades per shaft it is necessary to know how many cores that were reduced by an expert knapper and were abandoned after blade production there were (Castañeda 2014: 332-335) . 1861 cores were studied from 40 shafts, and only 241 cores meet these criteria, resulting in 24,100 for 4,000 shafts. The distribution of the sample and the difference in size of the shafts (from 1.5 to 10 m deep) prevent for using the descriptive statistic values of cores per shaft.
Then, it is being estimated the production for each core of the sample and the resulting amount of blades were divided by the number of shafts. The calculus of the production for each core has been made taking into account the discarding reasons (Castañeda 2014: 336) . For those cores abandoned by veins and fracture (78 cores; 32.36%) the minimum number of blades per core is been applied (78 x 2.47=193 blades). Exhausted cores (43; 17.85%), and those with no obvious discarding reason (47; 19.5%) are expected to produce the maximum of blades (43+47 x 19.5= 1,755 blades). For the cores abandoned due to knapping accidents (73; 30.29%) the median value was used (73 x 7.72=564 blades). This calculus results in 2513 blades for the 40 analysed shafts and 63 useful blades per shaft (Castañeda 2014: 335-337) .
Experimental test
The experiment was carried out at the Experimental Archaeology Laboratory of the Universidad Autónoma de Madrid.
Taking into account that raw material was a critical variable in the study of core efficiency of Casa Montero, a big nodule from the site was the primary core for the experiment. The nodule presented an inner part with type 2 flint variety and a thin outer part of type 1 flint (Bustillo et al. 2009:183) . This nodule was reduced into big flakes and fragments that were the blanks for the cores of the experiment. In this initial reduction a 30% of the initial volume was discarded due to the presence of big geodes in the centre of the nodule, and internal fissures produced by the strong impacts of breaking the nodule. (2016) The goal of the experiment was to contrast the expert execution efficiency on producing blades by "soft" stone hammer direct percussion. Three knappers participated in the experiment. The main knapper was Javier Baena, a well-known expert knapper, with more than 30 years of experience. The techniques and methods that he usually uses are bifacial reduction and Mousterian reduction methods, but he is also an expert on blade reduction using both direct and indirect percussion and pressure. The second knapper was Víctor Lamas, an advanced knapper, with 4 years of experience. He usually practices discoid and Levallois reduction method with stone hammer percussion. The third knapper was the author of this work, a medium experienced knapper, with discontinuity in practice. Her most practised methods and techniques have been stone hammer percussion on bifacial reduction and Levallois and prismatic methods. It is important to remark on each knapper's previous experience because modern knappers usually carry out different methods and techniques that were very distant in time. Some gestures are learned and remembered well, and it may become be a problem on reducing a different method they are not used to.
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The knappers were asked to continue with the reduction until it the cores were exhausted. The reduction matched the features described for the Casa Montero blade reduction: unipolar blades, adaptation of the striking platform and knapping surface when needed.
Four hammers were used: one sandstone, one limestone and two quartz arenite. The different blanks or cores were measured and weighted prior to the start of reduction, after configuration, and at the end of the reduction. The striking platform dimensions and shape were recorded during the same three phases, as well as recording the amount of cortex, geodes and fissures and the reason of abandonment. All of the resulting products were measured and weighed. Two precision scales were used: MOBBA Mod. XIC 85 (40 g-30 k /5 g prec.) and EKS (5 k max. /1 g).
Each reduction was identified by a number, the name of the knapper and the hammer. All the resulting products were collected except debris, and were separated by phases of the reduction sequence: configuration of the core, blades, accidents and core. Each reduction was refitted and every product was set in extraction order.
After the refitting each reduction was photographed and drawn. Data was collected and managed with Excel 2016. 33 reductions were carried out, but most of them were abandoned in the initial shaping due to fractures, veins and small size. Only eight succeeded in production of blades and were suitable to be studied (Table 3) , and 185 resulting products were analysed.
The following data for all the resulting products were recorded: type of product (type of blade or flake); platform features; platform dimensions; cross section; accidents; end shape and if it met the criteria to be useful or not.
A special interest was put on blade dimensions: maximum length; maximum width; mesial width and maximum thickness.
The estimation of Casa Montero core efficiency was based on the calculation of the blade platform area (PAB) mean. In general terms, the platform may be usually modified by abrasion or small removals on the edge, that results in decreasing of the platform area. Therefore, a new measure is proposed in order to adjust the calculation. The upside view of a blade usually includes a bigger area than the platform where width increases critically, being the end of platform adaptation and the maximum thickness of the bulb (Figure 3 ). Refitting shows that at this point all the blades and flakes fit perfectly. This point it is been called "A" point in this work and it has been measured in width and thickness on each blade and also the distance of this point from the impact point. In the studied sample, this point is located 5 mm from the impact point (n:181; mean 4.99; 95% confidence; 2.47 std. deviation). These measures in "A" point have been used to adjust the productivity calculus, and will be included in future experiments on knapping techniques. (2016) 
Results and discussion
From the 185 resulting products of the experiment, 142 were blades, only 117 of them conserve the platform and 74 were complete. Both experimental and archaeological samples are difficult to compare due to the difference in the sample size, being the mean and median of the blade and platform dimensions smaller in the experimental sample than in the archaeological assemblage. In spite of this, dimensions of both samples are comparable due to the results of the Two Sample Kolmogorov-Smirnov test (Table 4) . The range of useful blades obtained per core in the experiment goes from only one to 12, that is even less than the amount of blades estimated for the archaeological sample (from 2.47-19.5). There are some constraints to compare these results: the difference in the size of the sample and the scarce experience of the knappers on blade production with soft stone hammer. Nevertheless, these results are similar to the estimation for the archaeological sample and the knapping method reveals as unproductive.
With respect to the proportions of types of blades in the two samples, they are apparently very different, but it is important to take into account that there is a group of removals that can be recorded on the experimental sample that remains unknown in the archaeological one: those flakes and fragments generated in the blade production phase that are impossible to differentiate from those of the configuration phase, without complete refitting (Figure 4) . On comparing the two samples it is important to assume that this group of flakes and fragments is included in the estimation of useful blades of Casa Montero (38.49%). Therefore, we can compare this estimated percentage with the sum of useful blades and flakes or fragments of the experimental sample (45.48%). Consequently, this is one of the limits of the estimation method and any calculi of production of blades will result bigger. With a broader experimental program providing consistent data it will be hypothetically possible to calculate the relative frequency of the occurrence of flakes and fragments within this type of reduction.
This was one of the reasons to carry out a method to contrast and adjust the initial method and estimation. The first phase of contrast consists in applying the estimation carried out on Casa Montero assemblage to the experimental sample and comparing the total amount of products estimated per core with the real ones. The second phase of contrast relates to the estimation method of the unknown fraction of the lithic record: flakes and fragments generated in the production phase and useful blades. As it can be seen on Table 5 , the estimated number of total products based on the platform area of blades (PAB) is bigger than the estimation based on "A" point area (APA) and the number of real total products. The core number 22 has provided outlier results. A total amount of 173.19 products were hypothetically produced (case n. 22 was not included) with PAB estimation method, and 134 with APA method, this latter result is closer to the real amount of total products obtained. Comparing the results with each core independently, the estimation made by "A" point area is very similar to the real data. On estimating the useful blades per core, the problem is that it is a number that is unknown for the archaeological sample, while it is not in the experimental one. Therefore, it is important to take into account that the 107 discarded blades of the experimental sample (57.52%) would be the 100% of an archaeological sample, because the amount of useful blades that were transported outside the site and the amount of flakes and fragments generated on the production phase of blade reduction are unknown. If for each core there is at least one initial blade (two initial blades for the exceptional case of core number 22) it corresponds to 14.01% of the known sample, and then, the amount of discarded blades per core is 7.14, (14.28 for the number 22). As a consequence, the results of applying the estimation method to the experimental sample is approximately double than the real amount of flakes and useful blades (Table 5) .
The case of core number 22 is different to the rest of the cores. Regarding to the refitting scheme, it is evident that the estimation did not took into account the different size of the different types of by-products (Figure 5 C-D) . This aspect must be into account in future corrections of the method.
In light of the experiment and the results, the initial method for the calculation of the core effectiveness for unipolar blade reduction with soft stone hammer percussion seems to be good but must be improved including the "A" point measurement and the variability in size between the different types of blades.
This experiment is preliminary and a larger sample of reduced cores is needed in order to reinforce the results. Therefore, it is still impossible to recalculate the number of total useful blades that were produced at Casa Montero, at least for now, but everything appears to indicate that it will decrease. It will imply a higher difference between the effort of digging a shaft and the final useful amount of flint obtained.
It is also revealed that raw material heterogeneity is critical to productivity and an abundant source could become scarce in good raw material.
The election of the reduction technique may be an important factor also. Although it is very difficult to identify the kind of hammer used in Casa Montero, most of the attributes analysed suggests that the most probable used technique was soft stone direct percussion. Nevertheless, it is also possible that indirect percussion could be used.
A new experimental approach will improve the size of the sample, the skill of the knappers within the reduction technique, and will include other techniques in order to adjust and contrast the initial hypothesis. The inclusion of this variable will change the results of the productivity estimation and its implications.
Conclusion
Research on technology related to mining and production activities requires to take into account productivity to appraise these tasks in socio-economic terms. Recent research on the Casa Montero Early Neolithic flint mine has provided an estimate of the amount of blades that were produced at the mine and were selected for the transport and deferred use. Even though the resulting estimated total amount of ~251,000 blades is quite important in a context of very low density population, a ratio of three to 20 useful blades per core seemed to be very low.
The goal of this work was to contrast the expert execution efficiency on producing blades by "soft" stone hammer direct percussion and the estimation method used in Casa Montero. 33 reductions were carried out, but only 8 were suitable to be studied, and 186 resulting products were analysed. (2016) The results reveal that there are some difficulties on the initial estimation approach that were not taken into account. The first one is that the estimation of Casa Montero core efficiency was based on the calculation of the blade platform area mean. Refitting showed that there is a loss of material that this measure does not include. A new method of measurement, called "A" point measure, is proposed in order to adjust the calculation. At this point the cross section area of blades is bigger than the platform area and fits perfectly covering most of the initial striking platform of the core.
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Using the "A" point measurement, the estimation of the total amount of products is closer to the real data. The method improved including "A" point measure seems to be accurate, but a new experiment with a bigger sample of reduced cores is needed in order to reinforce the results.
The second problem is that the initial calculation of blade core efficiency was based on the platform area mean of the blades originated in the production phase. This experiment reveals that it is important to use the "A" point area mean of each kind of by-product and the relative frequency in which they occur.
The third and main difficulty of the estimation method is that those flakes that were generated in the production phase of the reduction cannot be distinguished in the archaeological record. As a result, the estimation of the unknown part of the assemblage, includes not only the transported blades, but also these flakes. Both second and third problems will be probably solved with a broader experiment.
Nevertheless, the method is a new contribution that can be applied to any direct percussion based blade assemblage and can be improved to other techniques. Therefore, it is still impossible to recalculate the number of total useful blades that were produced at Casa Montero, at least for now, but all indicates that it will decrease. It will imply a higher difference between the effort of digging a shaft and the final useful amount of flint obtained. If the final amount of useful blades is bigger than the initial estimation, the problem will focus on the circulation and use of these blades in a very scarcely populated area. If the results are smaller, they will bring into question the idea of productivity of the mine, in economic terms.
